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(57) Abstract 

Method for regulating the humidity of a gas flow and at the same time purifying it of undesired acid or alkaline gasses. 
The gas flow is led across the retentive side of a membrane, through which water vapour can diffuse. A hydroscopic liquid flows 
on the permeation side of the membrane, A membrane is used, through which the acid or alkaline gasses concerned can diffuse. 
The hydroscopic liquid is mixed with a watery component of which the water content is adjusted to the desired humidity balance 
of the gas flow and the composition of which is adjusted to increasing and/or accelerating the solubility of the components in the 
mixture which are to be removed from the gas flow. 
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Mf^thod and device for regulating the hu midity of a gas flow and at the 
same time purifying it of undesired ac id or alkaline gasses. 

The invention relates to a method for regulating the humidity of a 
gas flow and purifying that gas flow of, for example, acid or alkaline 
gasses, whereby the gas flow is led along a side - the retentive side - 
of a membrane, through which water vapour can diffuse and on the other 

5 side of which - the permeation side - a hydroscopic liquid flows. 

It is known how to remove water vapour from a gas flow by conden- 
sing the liquid therein by cooling it to under the dew point. In order 
to adjust the humidity of a gas flow to a particular desired value it 
is also possible to first warm up the gas, to saturate it with liquid 

10 at that temperature, and to thereafter cool it to the desired dew 
point. 

Other methods to remove water vapour from a gas are those, in 
which use is made of hydroscopic media or salts. 

A practical and continuously usable method of this sort is descri- 
15 bed in US patent no- 4.915.838: in order to remove water vapour from 
air, the air flow which is to be dried is led along the retentive side 
of a micro-porous membrane. The membrane which is used is a so-called 
ho How- fibre membrane. 

A hydroscopic liquid flows on the permeation side of the membrane. 
20 Water vapour from the gas flow diffuses through the pores of the mem- 
brane from the retentive side to the permeation side and is there ab- 
sorbed and carried off by the hydroscopic liquid. " 

There is a wide area of application for the use of methods for 
regulating the humidity of gasses such as air: in buildings, means of 
25 transport, etc.. It is especially often also important thereby to pu- 
rify those gasses from undesired, for example dangerous, gas parts, 
such as the acid gasses H2S, SO2 . NO2 , CO2 , etc.. but also of alkaline 
gasses such as NH3 and others. As concerns the removal of dangerous 
gasses in air one can think of applications in the event of polluted 
30 air in industrial and urban areas, alongside motorways, but also inside 
buildings and means of transport, such^as, for example, in museums, in 
order to prevent damage to works of art as a result of penetrating 
gasses or tobacco smoke. 
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This removal of undesired parts from air cannot take place at the 
same time as the methods described above for regulating the humidity of 
that air. By, for example, cooling that air to below the dew point only 
the condensable parts can be removed therefrom, assuming then that the 
5 dew points of those parts correspond with one another. And if hydro- 
scopic media are used, then except for water vapour this does not re- 
move any other gas. 

The invention relates to a method with which the regulation of the 
humidity of an air flow and the removal therefrom of undesired gasses, 
10 which are absorbed well in alkaline, acid or neutral watery solutions, 
can be achieved simultaneously in a single process. The method accor- 
ding to the invention is characterized to that end in that a membrane 
is used through which the gasses concerned which are to be removed can 
also diffuse and that the hydroscopic liquid is mixed with a watery 

15 component, in such a manner that the water content of the mixture is 
adjusted to the desired humidity balance of the gas flow which is to be 
treated and that the composition thereof is adjusted to the solubility 
therein of the, for example, acid and alkaline components which are to 
be removed from the gas flow« 

20 The water content of the hydroscopic mixture is decisive for the 

humidity balance which is to be adjusted. As the membrane can allow 
water vapour to pass through in both directions - from the retentive 
side to the permeation side and vice-versa, water vapour can be both 
added to the gas flow which is to be treated and can be removed there- 

25 from. And as a result of diffusion of the gas component(s) concerned 
from the retentive side of the membrane to the permeation side thereof, 
followed by absorption in the watery, possibly acid or alkaline com- 
ponent of the hydroscopic mixture which flows along the permeation side 
of the membrane, that (those) gas component (s) are removed from the gas 

30 flow which is to be treated simultaneously with the adjustment of the 
humidity. For that purpose the watery component must be of such a com- 
position, that the solubility of the component which is to be removed 
is increased and/or is accelerated by a physical or chemical interac- 
tion. The composition must be adjusted to the nature of the gasses 

35 which are to be removed. For example, strong or weak organic or anor- 
ganic acids or alkalines are dissolved therein. 
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cod results .re .cbieved «ith . hydroscopic liQuld which consists 
of pour glycols. .Icohols or .lycerols such ^ triethyUneglycol or 
polyothyleneglycol or oi.turos th.r.ot. ».t,ry oUctrol te soluuohs 
"ith hydroscopic ,..lities src slso possible. In general .t .PPUe.. 
It such a hydroscopic .ixture, the hydroscopic liQuld «ith the parts 
lissolved therein, .ust be chosen .hich is ccpatlbl. .ith the .e.br.n. 
and «odule .aterials which are to be used. 

The invention also includes a .ethod to regenerate a hydroscopic 
.i,ture used for regulating the hu.idity during the process nnUl .t 
has the desired water content again. That .ethod is characterised to 
that end in that the .ixture is then first heated or cooled to a ce - 
tain te.per.t.re. it is then brought into contact yl. a " 
is per.e.ble for water vapoor -ith a gas flow with a certain hu..d.ty. 
until .,»ilibrlu. I. re«=hed and finally the .ixture is cooled again, 
or respectively heated again, to the working temperature. 

The .e.br«>e «.dule which is to be used contains one or «.re 
branes, which are aicro-porous and hydrophobic. Polypropylene, for 
exa-ple, suffices in this respect. In any event, the, -st have a ef- 
ficiently large exchange surface for the purpose, they «y be hoi ow- 
fibre .e.branes. but also flat ...branes can be .PPli«.. In pr.nciP e 
it .akes no difference on which side of the «.hran. the gas or the 
liquid flow respectively, are led. For ..a«,le. in the case of a hol- 
lolfibre .e.bra„e either the ll,»id flow or the gas flow can flow 

through the fibre. „„terable to use the said type 

Under certain circuBstances it is prcieraoie 
of .e.brane with a non-porous top layer. Such ...branes are especially 
lantageous if. as a result of the nature of 

„d/or the .«.ner in which the procedure is carried out. there is a 
Three Of undesired passing-through of the hydroscopic .ixture hrou 
the pores of the .icro-porous .e.brane. A thin top layer consists, for 
exa.ple. of PDMS (silicon rubber) or polytrLethylsilylpropyne. or of 
thin gel layers on a polymer basis. 

aturally, the per.e.hility of this top layer for ; 
pour «,d for the parts which are to be reeved fro. the gas which o 
be treated .ust be sufficiently large in order to ensure that »> ettec 
tive reaoval is achieved. Such a top layer .ay be hydrophobic or hydro- 
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philic. 



In the event of use of membranes with a n,^„ 
there will be a preference on th 1 ^^V-r, 

gard to an .ff "^^^ °" °f considerations with re- 

gard to an effective substance transfer, in the choice of the «e.h 
5 side along which the liquid or th» - "enbrane 
flow of thp 1- ^^^P^^tively, flows, for a 

tiow of the liquid across the top layer On tho - . » or a 

pollution from the gas/air nh... J °' ''^^^^''^^ 

flow of ^../ • ' * "^'^ however, for a 

flow of gas/a,r across the top layer: dirt will then stick befire the 
top layer and will not penetrate the porous layer of the membr^ 
10 The invention also includes a device for th. , 

method described above To th.t 7 . ^»Ple»entation of the 

above. To that end it contains a membrane module with 
one or more membranes through which both water vapour and the o 
example, acid or alkaline gasses w»,i.>. . . * ^""^ 

and equipped with means to Tea; 'the . J ™ 

- and regulated as concerns hum ity arrTss :: L th ^ ^ " """" 
»embrane(s). and to lead an acid alkll °" °' '"^ 

ture across it on the othe: sld"' " '^'^^^^^^ 

have Ilmct:t7y h'^'^''^'^ 

0 non-porous Tz:'ZT:::n:;:::: ::r t-'-' - 

substances which are to diffuse th;ough" . ""^^'"^'^ 
There now follow descriptions of several «»hnHi * . 
according to the invention, in which the Tr "^^^^^^^ 
indicated. ''"""^ 'hereof are 

^ In general it applies th^f i^^,^ 

"it- the ,„„tit, „, u Jo,:;;:': zittv't 
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Examn^p 1 

20 



35 



fflicroporous). The membrane module has fibres with • 4. 

Of 0.6 „. a ^ " f ■» "t^™.! di-eter 
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ethylene glycol and sodium carbonate solution in this mixture was 4:1 
on a weight basis. For the incoming nitrogen flow a relative humidity 
of approximately 94% was measured, with a dew point of 18.8 *C. The SO2 
concentration was brought to 500 ppm. 
5 In the outgoing nitrogen flow a relative humidity of approximately 

61% was measured, with a dew point of 12.1 *C. A content of 0,5 ppm was 
measured as SO2 concentration of the outgoing nitrogen flow. 

It therefore appears that at the same time the humidity of the 
nitrogen flow has been regulated, or has decreased, and the SO2 content 
10 of the nitrogen flow has been reduced by 99%. 
Example 2 

In the same membrane module as in example 1 a dry nitrogen flow 
was led through the fibres with an SO2 content of 500 ppm, with a flow 
rate of 4 liters per minute. As absorption liquid a liquid was pumped 

15 around the fibres, containing approximately 80% ethylene glycol and 
approximately 20% 1 M sodium carbonate solution. The absorption liquid 
had a flow rate of approximately 0.5 liters/min. The working tempera- 
ture was approximately 28 *C. 

In the incoming nitrogen flow a relative humidity of approximately 

20 10% was measured, with a dew point of -5.5 *C. 

In the outgoing nitrogen flow an SO2 concentration of 0.5 ppm and a 
relative humidity of approximately 41% (dew point 14.0 'C) 
was measured. 

It therefore appears, that at the same time the humidity of the 
25 nitrogen flow has been regulated, or has increased, and the SO2 content 
of the nitrogen flow has been reduced by 99%. 
Example 3 

In the same set-up as in examples 1 and 2 it was then investigated 
what influence the concentration of sodium carbonate has on the degree 

30 of removal of SO2 from the nitrogen flow. For this purpose the sodium 
carbonate solution was decreased from the original 1 Mol to 0.3 M and 
0.1 M, respectively. It was found that at 0.3 M sodium carbonate the 
degree of removal for SO2 was still 99% higher. At 0.1 M sodium car- 
bonate it appeared that the degree of removal of SO had been reduced 

35 to approximately 90%. 



wo 94/01204 



PCT/EP93/01773 



Example 4 

In the same experimental set-up as in examples 1 and 2 it was then 
investigated what removal of SO2 from the nitrogen flow can be achieved 
in mixtures of ethylene glycol and water (without sodium carbonate) and 
5 in water alone. The outgoing concentration of SO2 in the nitrogen flow 
was hereby lowered to 51.3 ppm. Degrees of removal of a maximum of 50% 
were found; in the case of a longer duration of the experiment the 
degree of removal dropped to approximately 40% or lower. From the re- 
sults of the examples 3 and 4 it can be deduced that without the addi- 

10 tion of sodium carbonate, or with the addition of sodium carbonate in a 
concentration lower than 0.1 M, the degree of removal for SO2 decreases 
quickly. It seems that the solution becomes rapidly saturated with SO2 
in that event, so that further absorption is obstructed. For an effi- 
cient removal of SO2 and simultaneous regulation of the humidity of the 

15 nitrogen flow a sodium carbonate concentration of 0.1 M or higher is 
therefore necessary. 
Example 5 

In the same experimental set-up fits in examples 1 and 2 the experi- 
ment of example 1 was repeated, but with the difference that a mixture 

20 of tri-ethylene glycol (TEG) and a potassium carbonate solution (IM) 
was used as an absorption liquid. The ratio of TEG and potassium car- 
bonate solution in this mixture was approximately 4:1 on a weight 
basis. The same degree of removal for humidity, and at the same time 
for SO2 , was measured as in example 1. 

25 The conclusion can be drawn that, with a mixttre of TEG and potas- 

sium carbonate solution, the humidity for the nitrogen flow can be 
regulated, and at the same time the SO2 content can be reduced by 99%, 
in the same manner as with the mixtures used in examples 1-4. 
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Claims 

1. Method for regulating the humidity of a gas flow and purifying 
that gas flow of, for example, acid or alkaline gasses, whereby the gas 
flow is led across a side - the retentive side - of a membrane, through 
which water vapour can diffuse and on the other side of which - the 

5 permeation side - a hydroscopic liquid flows, 

characterized in that a membrane is used, through which the acid or 
alkaline gasses concerned can diffuse and in that the hydroscopic li- 
quid is mixed with a watery component, in such a manner that the water 
content of the mixture is adjusted to the desired humidity balance of 
10 the gas flow which is to be treated and the composition thereof is 
adjusted to the increase and/or acceleration of the solubility therein 
of the, for example, acid or alkaline components which are to be remo- 
ved from the gas flow. 

2. Method according to claim 1, 

15 characterized in that the hydroscopic liquid consists of polar glycols, 
alcohols or glycerols, such as triethylene glycol or polyethylene gly- 
col or mixtures thereof. 

3. Method according to claim 1 or 2, 

characterized in that the hydroscopic liquid consists of a watery elec- 
20 trolite solution with hydroscopic qualities. 

4. Method according to claim 1-3, 

characterized in that during the implementation of the method the hy- 
droscopic mixture which is used is regenerated until the desired water 
content is reached, by first heating it or cooling it to a particular 
25 temperature, then bringing it into contact, via a membrane which is 
permeable for water vapour, with a gas flow with a certain humidity, 
until equilibrium is reached, and finally cooling the mixture again or 
heating it to the working temperature. 

5. Method according to one of the claims 1 - 4, 

30 characterized in that a membrane module is used with one or more micro- 
-porous, hydrophobic membranes, with a sufficiently large membrane 
exchange surface* 

6. Method according to claim 5, 

characterized in that a membrane/membranes is/are used with a non-por- 
35 ous top layer, which has a sufficiently large permeability for both 
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water vapour and for the, for example, acid or alkaline gasses which 
are to be removed. 

7. Device for implementing one of the methods according to claims 
1-6, containing a membrane module with one or more membranes through 

5 which both water vapour and the, for example, acid or alkaline gasses 
which are to be removed, can diffuse, and equipped with means to lead 
the gas flow which is to be purified and regulated as concerns humidity 
across it on the one side of the membrane/membranes, and to lead an 
acid, alkaline or neutral hydroscopic mixture across it on the other 
10 side. 

8. Device according to claim 7, 

characterized in that the membrane/membranes is/are (a) micro- porous 
hollow-fibre membrane{s), made from hydrophobic materials. 

9. Device according to claim 7, 

15 characterized in that the membrane/membranes is/are flat, micro-porous 
and hydrophobic with a sufficiently large membrane exchange surface. 

10. Device according to one of the claims 7, 8 and 9| 
characterized in that the membrane/membranes is/are equipped with a 
non-porous top layer, with such a permeability for water vapour and the 

20 acid or alkaline gasses, that the method according to claim 6 can be 
implemented. 
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